The aim of this study was to assess the influence of detailed prognostic information on the likelihood of informed consent for decompressive craniectomy for severe traumatic brain injury. The study was a simulation exercise, asking anaesthetists to give opinions as if they themselves were the injured party. Anaesthetists were chosen as they represent a distinct group likely to be familiar with the procedure and the decision-making process, but not necessarily aware of the longer-term outcomes.
There is currently a resurgence of interest in the use of decompressive craniectomy in the management of severe traumatic brain injury (TBI) [1] [2] [3] [4] [5] . By removing a large segment of the calvarium the procedure provides additional space into which the injured brain can expand. It can be performed following evacuation of a mass lesion or when there is diffuse cerebral swelling and the intracranial pressure cannot be controlled with conventional medical management. Whichever type of de-compression is performed, the basic principle is of surgical intervention in a situation where the patient is so severely injured that he or she is likely to otherwise die.
While there are two ongoing trials evaluating decompressive craniectomy for intracranial hypertension 6, 7 , a number of studies have already demonstrated that the procedure can lower the intracranial pressure and that a significant number of patients go on to make a good functional recovery [1] [2] [3] [4] [5] . Unfortunately, these studies have also demonstrated that many patients survive with severe disability [1] [2] [3] [4] [5] .
To what degree that outcome is acceptable to those individuals is difficult to determine. However, there has to come a point where the primary cerebral injury is so severe that careful consideration must be given to not performing surgery, because the outcome would be unacceptable to the person on whom the procedure was carried out 8 . The difficulty has always been the absence of reliable outcome prediction data which can be used to facilitate realistic discussion regarding long-term outcome, prior to performing life-saving but potentially non-restorative surgery 9 .
The CRASH (corticosteroid randomisation after significant head injury) collaborators have developed a web-based outcome prediction model 10 . By providing a percentage risk of an unfavourable outcome (defined by the Glasgow Outcome Scale 11 as dead, persistent vegetative state or severely disabled), the model can serve as a surrogate index of injury severity 12 . By applying the model to a cohort of patients who had had a decompressive craniectomy between 2004 and 2008 and comparing the predicted outcome with the observed outcome, the model appeared to provide accurate objective assessments of the observed risk of an unfavourable outcome at 18 months' follow-up 13 . A previous study has demonstrated that objective assessment of risks of unfavourable outcomes of patients with severe TBI can influence the decision-making of a group of neurosurgeons and intensive care physicians 14 .
This study is an expansion of that earlier study and focuses on opinion amongst anaesthetists and specifically, their opinion regarding surgical intervention if they themselves were the injured party. The extension may be useful because anaesthetists as a group are informed both in regard to medical facts in general, and in relation to operative and postoperative (particularly intensive care unit) care settings. What is more, they represent an involved but distinct group with some independence from surgeons in the decision-making process. The aim of the study was to investigate whether the information provided would affect the likelihood of informed consent, and to assess whether this was influenced by the participant's age, religion or previous experience of dealing with patients who had had a decompressive procedure.
METHOD
After obtaining hospital ethics approval, 75 anaesthetists working at one of two metropolitan teaching hospitals (Sir Charles Gairdner Hospital or Royal Perth Hospital) were interviewed in a structured seminar format. They were shown three clinical case scenarios (Figures 1 to 3 ).
Case 1
A 52-year-old female motorcyclist was involved in a motor vehicle accident. Initial Glasgow Coma Score (GCS) was recorded as 11 (E3, M6, V2). Pupils were equal and reactive. She had sustained major pelvic and lower limb fractures. Computed tomography (CT) scan of the brain revealed diffuse petechial haemorrhages, traumatic subarachnoid haemorrhage, non-evacuated haematoma and midline shift ( Figure 1 ). Case 2 A 59-year-old male had suffered a fall. Initial GCS was recorded as 6 (E1, M4, V1). His right pupil was unreactive and his left pupil was reactive. There were no other injuries. CT scan of the brain revealed diffuse petechial haemorrhages, traumatic subarachnoid haemorrhage and non-evacuated haematoma ( Figure 2 ). Case 3 A 42-year-old male sustained an isolated head injury during an assault. Initial GCS was recorded as 4 (E1, M2, V1) Pupils were small and unreactive. There were no other injuries. CT scan of the brain revealed diffuse petechial haemorrhages, scattered traumatic subarachnoid haemorrhage, obliteration of the basal cisterns, non-evacuated haematoma and midline shift ( Figure 3 ).
In all three cases the patients were intubated and ventilated in the intensive care unit and had uncontrolled intracranial hypertension despite placement of a ventricular drain and maximal medical management. The participants were told that in all three cases there was no cardiovascular instability and a repeat CT scan showed no changes. No specific information regarding outcome prediction was mentioned.
A simple visual analogue score (VAS) system, rating between 1 and 10, was used to assess the strengths of the participants' opinions in consenting to decompressive craniectomy (1=strongly disagree, 10=strongly agree). All VAS assessments were obtained after interpreting the clinical and CT information of the three patient cases and the participants were asked to express their opinion regarding surgical intervention if they themselves were the patient at that age and with the presented findings.
The participants were then shown the CRASH collaborators' outcome prediction model of the three patient cases and their predicted risk of unfavourable outcomes. They were also shown the observed outcome in a large cohort of neurotrauma patients in Western Australia who had had a decompressive craniectomy (Figure 4) 13 . The participants were then asked again to rate their likelihood of consenting to decompressive craniectomy. The participants' responses before and after being informed of the predicted risks of unfavourable outcomes were then compared.
Statistical analysis
The VAS was performed by asking the participants to mark on a written scale so that the data could be recorded and analysed as a continuous variable. A paired t-test was used to quantify the differences in VAS before and after being informed of the predictive modelling results. Because the distribution of the data was not normal, a non-parametric test, the Wilcoxon rank test, was used to assess whether the differences in VAS were statistically significant. All analyses were performed using SPSS for Windows (version 13.0, 2004, IL, USA). A P value less than 0.05 was considered significant. As the study was exploratory in nature, a power calculation was not performed.
RESULTS
The 75 anaesthetists included 53 consultants and 22 registrars. About 49% of the participants were Christian, 35% had no religion, 2% were Muslim and 2% were Buddhist. Thirty-five percent (n=26) were aged between 18 to 35 years, 41% between 35 to 50 years, and 21% between 50 to 65 years. Prior to seeing the outcome prediction and the observed outcomes, the mean scores reflected the progressive severity of injury from case one to case three (Table 1 ). There was a tendency towards providing consent in case one (mean score 6.11) and a tendency not to provide consent in case three (mean score 3.25).
Having seen the prediction of an unfavourable outcome for each patient and the observed outcomes of patients with a similar prediction of unfavourable outcome (or index of injury severity), there was a significant reduction in the mean scores reflecting participants' views that they would be less likely to consent to surgical intervention (Table 1) (P values <0.01). The reductions in their likelihood to proceed with decompressive craniectomy after knowing the predicted risks of unfavourable outcomes were fairly consistent across prior experience in caring for similar patients, religious backgrounds and participant age ( Figure 5 ).
DISCUSSION
While not often directly involved in the clinical decision-making, anaesthetists perform a central role in the management of patients who have a decompressive craniectomy for severe TBI. Many have intensive care experience and will be familiar with the impact that these devastating injuries have on the patient and their families 15 . They will also be involved in the ongoing management when patients have their cranioplasty procedure and also when complications such as hydrocephalus, infection and bone flap resorption necessitate further surgical intervention 16, 17 . As such, they are in a good position to form an opinion regarding the type of outcomes that would be acceptable to them as individuals.
The findings of this study indicate that providing objective information on outcomes after decompressive craniectomy is likely to influence the likelihood of consent to the procedure. The participants' responses indicate that if they were unfortunate enough to sustain a severe TBI, it could not be assumed that he or she would give consent to a decompressive craniectomy (if he or she were asked).The opinions sampled were, however, those that surrogate decision-makers are supposed to try to convey as well as they can. Nevertheless, the opinions in the study are likely to be a good indication of what an informed person would want to happen if they themselves cannot be part of the decision-making process, and these should be considered by surrogate decision-makers (e.g. the next of kin).
By using the predicted risk of an unfavourable outcome as a surrogate index of injury severity and comparing the predicted risk with the observed long-term outcome, it is possible to objectively assess the most likely result of surgical intervention. Once the predicted risk exceeds 80%, the most likely outcome if the patient survives is that of severe disability and the results of this study would suggest that participants would find this unacceptable. This raises the ethical issues that should be discussed when obtaining surrogate consent for life-saving but potentially non-restorative surgery.
Two of the basic principles of the consenting process are, first, that the patient is informed. This requires the individual to have a clear understanding of the facts, implications and future consequences of an action 18, 19 . Second, the individual concerned must also be competent 20, 21 . This requires adequate reasoning faculties in order to fully understand the relevant facts at the time consent is given. In the context of decompressive craniectomy for severe traumatic brain injury, both of these principles are challenged. The patients themselves have been acutely injured and will be in no position to participate in any discussion regarding treatment options. These injuries most commonly occur in young adults who are extremely unlikely to have had any prior discussions as to what their wishes would be in such a situation. Finally, because consent cannot be obtained from the patient, discussions have to occur with surrogate decision-makers who are often close family members. In view of these difficulties, the data from this study should influence surgical decision-making, because they indicate the views that informed individuals would have, were they competent to take part in decision-making.
The participants were interviewed in a controlled setting, and the circumstances in which the injured party was placed and the severity of the injury as adjudged by the prediction model was clearly established. The observed outcome data at 18 months provided the necessary information regarding the implications and future consequences of surgical intervention and all participants were clearly competent. Given that these were the circumstances in which the decisions were made, and that they were made by people who were informed about the realities, it is reasonable to assume that once the prediction of an unfavourable outcome exceeds 80%, decompressive surgery should be withheld because the most likely outcome would be unacceptable to most people and they would not consent if they could (theoretically) be asked.
While this conclusion appears both reasonable and supported by the data, there a number of issues that require further consideration. In the first instance there are significant limitations to making abstract judgements such as "I would rather be dead than alive with severe disability". The SUPPORT study demonstrated that competent people do not accurately predict what they will later find acceptable or unacceptable as quality of life 22 . We ought to note, however, that the states being discussed in our study are at the extreme end of disability. In addition, while there has been considerable progress in the development of documentation such as advance directives and living wills, both aiming to validate the healthcare wishes of competent persons in the event of them becoming incompetent, a number of studies have demonstrated the limited degree to which these directives are applicable in the clinical setting [23] [24] [25] . Finally, there is the observation that even when there is a very high chance of 'survival with severe disability', certain individuals would accept that outcome. Although their opinion falls outside the statistical norm, these views are not insignificant to the particular individuals concerned, and where decision-makers have reason to think that the patient for whom surgery is contemplated would be such a person, that ought to be taken into account. While making a value judgement based on what is acceptable to the majority would appear to be reasonable, adopting this stance may fail to respect the beliefs and values within certain cultures and religions.
In conclusion, this study has demonstrated that anaesthetists may change their decisions about consent to decompressive craniectomy if they have access to reliable objective information on prognosis. While the results of this suggest that survival with severe disability would be unacceptable to the participants, the limitations of making such abstract judgements and the context in which they were made have to be appreciated. Nevertheless, these opinions may provide useful information that can be referred to when considering a decompressive craniectomy in situations when there is a high probability of survival with severe disability.
